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We, Office Nattohal D'Btudes et de 
Recherchbs Aerospatiales (par abrevi- 
atioh OJ^jE.TLA) a body CQiporate oigan- 
ized lindcr the laws of France, 29 Avenue 
5 de la Division Lederc -92 <3iatilloii-sous- 
Bagiieux, France, do hereby declare the 
inveiitioh, for whkfa we pray that a patent 
may be graiited to us, and -flie mcfliod by 
which it is to be performed, to be particu- 
10 kjfly descnbed m and by flie following 
statement: — 

This invention relates firstly to proces- 
ses for the formation of surface diffusion 
alloys of chromium and aluminium, and 

15 if appropriate of silicon also, on metal 
members which win be refetred to in gene- 
ts as **Ee&aGtdry metal members" and 
whose qualitative composition will be 
stated more iH:ecisely hercindftcr, and see^ 

20 ondly to refractory metal members ob- 
tained by a said iwocess aecordme to the 
mvention. 

It is an object of the invention fo adapt 
such methods and members more Satisfac- 

to various practical re- 
qmrements and more particularly to give 
the treated membws increased resistance 
to corrosion, more particularly die corros- 
ive action of high temperature combustion 
jO gases. 

Herein, the expression "refractory metal 
members" refers to members .comprisinfi 
an alloy having a base of iron, nidcel or 
cobalt, or aay combination «f such metals 
-35 the alloy being sudi -that it has an abihty 
to withstand rnechanical stresses under heat* 
and also m general a degree of corrosion 
resistance kx elevated temperatures, parti- 
cularly when disposed m oxidismg. dxidis- 
mg-reducang. or -Snlphurated atmospheres 
such, for instances -as those formed by the 
conabustion gases .of interaS combustion 
engmes. 

In the.presaaUstate of teehnologyi alloys 



of the kind specified can be divided into 45 
four main categories; namely: 

nist-resistsmt steels*: for instance 'TNOXv 
IUM;' Steel (Fe 83^ <:^17), 18-8 steel (Fc- 
74, Cr J8, hB 8), and 25-20 steel ffe 55 ^ 
Q 25, Ni 20): ^ 50 

refractory, steels, for instance •OSIICK^ 
RAL-D" (G .25. Ni 25, C 0.10 to 
residue Fe): 

refractory alloys having a nickid base, 
for instance. ' 55 

„ "N^IOOTC 1T \Cl 20, Tx 0.4, Al 0:06; 
Fe 2:4. G O.IQ, resdue mckeOi 

"NlMONiC 80" (1^ 20; Ti .2. Al 2. C 
O. lOi residue nickeO 

'TO roO" (Gr. 9J, Mo 3. Co 15, Ti 5 C: 60 
0.20. Al 5 J. W 1 residue hickeD. 

"INGONBL 713" (Cb 10, Cr -135, Ti 2. 

Ta 4.4, residue mckel). 65 

'TD Nickd" (Ni 98. .Th02-2). 

and re&actory altays havmg a cobalt 
base; for instance "HS 25'* or *X 605" (Cr 
20 :Ni 10. W 15. Fe 3, COdO. residue 
^^K^ 52" (Ct 21, W :ll.'Nb^d 70 

^;JS ^^^^ '^^VL^ ^baft). and 
"SM 302" (Cr 21. W 10. Ta 9. Fe 1. d 

^^^^^^*^*)- "The words •'NIMO- 

^F.^l'F^^'' «^ Tr^^^ Marks. 

It sfaouldfbe iiotea that the invention also 75 
apphes to cases m which these refractory 
Meta meihbas -have Jboin ^ven .another 
surface metal -diffusion treatment, more 
pnicularly a tantalum or chromium dif- 
fu$i'Qn ttolmCTt so 
^ lha expi%«sion *^nagnesothcrmic .chtom- 
lam her^ mearis an ultra-fino powder of 
ehtofluuin dbfaiAcd ma^iesothermicalTy 
precedes f or fte preparation of such , pow- 
ders bemg ^losedi mfer trffa, m French 85 

70 936 and 79 879. 
According to the inveaition - Acre is pro- 
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also the chromiuni base alloy, contains sili- 
con. 

5. A process according to Qaim 3 . 
wherein the chromium base alloy contains 

5 from 3 to 10% by weight of silicon. 

6. A process according to any one of 
Claims 1 to 4, wherein the halogenated con- 
stituent comprises a halogen, halogenide, 
hypohalogenite or mixture(s) thereof. 

7. A process according to any one of 
the preceding claims, wherein the chemi- 
cally inert diluting agent has a maximum 
mean grain size of 1 micron. 

8. A process according to any one of 
15 the preceding claims, wheidn the chemi- 
cally inert diluting agent is calcined alu- 
mina. 

9. A process according to any one of 
the preceding claims, wherein the reactive 

20 mass comprises £com 5 to 50% by weight 
of the ultra-fine powder, from 0.05 to 1% 
by weight of the halogenated constituent, 
the balance comprising the ciiemically inert 
diluting agent 

25 10. A process according to any one of 
the preceding dahns. wheidba the tempera- 

i^^nSl ^^^g is in the range of from 
lOSO^'C to llOO^C 

11- A process according to any one of 
30 the preceding clauns, wheidn the reactive 
mass and the refractory metal member to 
be treated are contained in a casmc durine 
the heating. ^ 

12. A process according to any one of 
35 the preceding claitos, wherein the ultra-fine 

powder was prepared by heatmg an inti- 
mate mixture of magnesothermic chromium 
and aluminium powder at a temperature of 
from 750*»C to 1200*C in an enclosed at 
ijO least partially gas-tight atmosphere which 
contains hydrogen, the chromium base alloy 
thus formed thereafter being cooled in a 
protective atmosphere. 

13. A process according to any one of 
45 the preceding claims, whcrem the or each 

protective atmosphere is of substantially 
the same composition as the or each atmos- 
phere which contains hydrogen. 

14. A process accordiiig to any one of 
50 the preceding claims, wherein the or each 

atmosphere which contains hydrogen com- 
prises electrolytic hydrogen, a mixture of 
hydrogen and arogn, or cracked ammonia, 

15. A process according to any one of 
55 the preceding daims, wherein during a ser- 
ies of successive treatment operations using 
a particular reactive mass, the aluminium 
removed from the reactive mass is replen- 
ished by adding aluminium powder to the 

oO reactive mass between each or sevcnd treat- 
ment operations, such addition of aluminium 
powder being from 0.5 to 1% by weight of 
the reactive mass, and wheran the chrom- 
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imn. being removed from the reactive mass 
being at ?. slower rate of removal tiian alu- 65 
minium, is replenished by adding at inter- 
vals a quantitj' of ultra-fine chromium 
powder, which has a maximum mean grain 
size of 1 micron, in an amount of from 0.5 
to 1% by weight of die reactive mass. 70 

16. A process according to Oaim 14, 
wherein addition of the chromium powder 
is effected after every four of five treatment 
operations witii the reactive mass. 

17. A process accord^ to any one of 75 
the preceding daims, ^ch is applied to a 
refractory metal member wiaic^ has aheady 
been given another surface di&sion metal 
treatment 

18. A process according to Oaim 16, 
wherem the said anotiicr surface diffusion 
metal treatment is a tantalum or chromium 
diffusion treatment 

19- A process for the formation of a sur- 
face diffusion alloy, substantially as de- 85 
scnbed in foregomg Example 1. 

20. A process for the formation of a 
sumce diffusion alloy, substantially as dc- 
scQbed in foregoing Example 2. 

21. A process for the formation of a 
surface diffusion alloy, substantially as de- 
scnbed in foregoing Example 3. 

A process for the formation of a 
sui^ce diffusion alby. substantially as de- 
scribed in f oregnig Example 4. 

J. 4 P^^^<^ for the formation of a sur- 
face diffusion alloy, substantially as de- 
scribed m foregoing Example 5. 

24. A process for the formation of a sur- 
face diffusion alloy, substanftially as de- 100 
scnbed m foregoing Example 6. 

25. A process for the formation of a 
surface diffusion alloy. substantiaDy as de- 
scnbed in foregoing :&cample 7. 

26. A process for the formation of a 
surface diffusion alloy, substantially as de- 
scnbed in foregoing Example 8. 

27. A process for the formation of a 
surface diffusion alloy, substantially as de- 
scribed in foregwng Example 9. 

28. A process for the formation of a 
surface diffusion alloy, substantially as here- 
mbefore described witii reference to tiie ac- 
companying drawing. 

29. A sur&ce diffusion alloy on a re- 
fractory metal naember, whenev^ prepared 
by the process of any one of the preceding 
clamss. 

FORRESTER. KETLEY & CO., 
Chartered Patent Agents, 
Jessel Chambers, 
88-90 Chancery Lane, London. W.C.2. 

— and — 
Rutland House, 
148 Edmund Street, Birmingham, 3. 
Agents for tiie Applicants. 
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in the form of fine powdf having a maw- 
mum mean grain size ^.1 i^^v 
by weight), wilb .the additt^ ^1 ,o by 
weicht of ammonium chlonde. The whole 

5 Sh'e^ed for 6 hours at lO^J ma^^ 
tective hydrogen atmosphere. The ^^^^ 
Seed minbers having tantalmn iffu- 
£ Sthings of a shiny appearanc^ 
were plastic in both the cold and hot state 

10 Sd had a regular thickness of about 35 

"S^members thus tantaUsed were 4en 
suW«tJd to a plastic chromalu»Uon 
Scortog. to the inven^n for ! 
15 to^ at 1080-C. using a reactive t>fdy hav 
^^e foUowing mean composition : cl^om- 
ISi 30%. almmnium 5% alumma 65^. 

itnvinfr a maziinum mean gram azc oi i 

UTSt SJISnt comprising^ 
25 Sdn^ dumina having a ma^i 
grain size of 1 micron tbej»*'„ PJ"*! 
Seviously beea honujgpmsed durmg a 

"blaric" operation. 
The resulting membeis had a homgene- 

^ nt two succesave treatment were 
positon of two su^ had a regular 

plastic m the coia ^^rLn- Thev gave 
Suckness of about 50 """^^^JJ^^mem- 
35 very effective of'wgh 

very violent fliermal shodcs. 

Kk^the object of the prehmmary 
eb^^iS^n ic^thmg ^«^^«Lf 
r^I«ii7 imoroved behaviour of the pro- 
45 to Hddy sulphurated com- 

tected membeas m ^f^^ ""^^ the int«- 

was P"foj?«^,^Sare zones made frag- 
ile f«n»*«^°L'S|Sive chromium en- 
55 ile as a r«utl o^J^"^^ chromised by 
richment J^^^^b^f ^^^^ 

J^S^SoBdum having a maxi- 
powdersofmctewa^^j ^^j^ 

mum mean ^ heating of a 

^ produced by J^ltfiffl^J «^ ^^^^ 

^ mixture of .^-toe size of 1 

^^^^ r25'?^^XfcSkel powder 
micron (25% oy v^i/. ^^^m mean 

65 g Se^ 'Sine calcined alu- 



mina havmg a maxunum mcM gram me of 
1 micron (65% by weight), with the additoon 
of 1% by weight of ammonium cUonde. 
Sie KSulW reactive chromisation bodies 
are maintaiiSd between the various opera- 70 
^ by the addition of 1% by weight of 
Xomium powder and 0^% of ammomum 
bolide or bromide. In the case con- 
sidered here, the members are giveii 
a duomising treatrment lasting six hours at 75 
1050«C in a protecuvc hydrogen atmos- 
nhcrc The treatment produces smooth 
Shromium diffuaon sheathings which have 
a homogeneous semi-shiny appearance and 
are ria^c in die cold state because of theu" ^ 
Kmited dWMnium content, the shrathings 
have a regular thickness of about 35 mic 

"'The members thus cJiromised are then 
given a further ptostic chrMnalummuaaon 85 
Seatment in the same conditions as those 
described in the prccedmg Example. Tie 
members then have a homogpneom s«u- 
.ihinv surfece appearance and are aieauiea 
SoyT^Wch^ireridi in both chtpmimn 90 
and a tduminium and wAose total tiudcness 
is about 65 microns. The sheathmgs are 
nlastic in the cold and hot state and protect 
a» members very satisfectorily ig to about 
lOSO'C m combustion gases o^^^^ 
sulphur content can be as Mpi as 3-4 ^. 
WHAT WE CLAIM B:— 
1 A process for the formation rf a sur- 
fac^ difiiiion aBoy of chromium and alu- 
SiTon a refractory metal member. 100 
which process comprises the steps ol^ 
a) wntactmg Ae surface of the refirac- 
tory mmber to be treated with a reacuve 
2s comprising an intimate mixture o^ 
a) an ultra-fine powder havmg a maxunim 105 
Sean gram size of 1 nuaron, «^ 
the ultra-fine powder bemg formed of a 
SoSi base'^oy wMch cottons alu- 
minium. (2) an oxide powder which is stoblc 

throughout the process pr^ ^ a chen^J "0 
cally inert dfluting agent and (3) a liquia 
Of solid halogenated constitaent; 
S beXg the reactive nttss in contact 
thTsT^face of the refractory metal 
^ber tTte treated in an atmosphere 115 

a protective atmosphere. j 
2. A process accordmg to C^am i. 
whereiJth? atmosphere y^-^^ftiS 
drogen is present m a partially gas ugn* ^ 

enclosure. naim 1 

3 A orocess according to uaim i. 
wherein t^hromium base alloy contains 
Sm 5 to 25% by wdght rf 

4 A process accoidmg to ClMJn i oi 
2. whereiftiie surface diffusion aDoy. and 130 
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nisation treatment to these materials afiowed 
a reductioii of the scaling rates by more 
than 95% against those of members sub- 
jected to the tests without preHininaxy pro- 
5 tection. 

EXAMPLE 5 

Ptateacion of distributor bladings with 

carbomsed refrcctory alleys on "WI 52" 

cobalt base. 
10 The members to be protected were 
treated according to the invention for 10 
hours at a temperature of 1050*Q After 
treatment the members had a very smooth 
surface condition and a light orange beige 
15 appearance. The thickness of the difiFosion 
sheathhigs obtained reached about 45 mic- 
rons, the shcathings being free from all 
porosity, inclusions or cracks and insensi- 
tiyc to the action of the most violent mecha- 
2Q nical or thermal shocks. 

Corrosion-resistance tests in hi^ tem- 
perature combustion gases, similar to the 
tests desaibed in Example 1. showed that 
the application of the plastic chromalumi- 
25 nisation treatment allowed the scaling rates 
to be reduced by more than 97% as against 
those normally observed in members sub- 
jected to the tests without prehminaiy pro- 
tection. *^ 

30 EXAMPLE 6 

Protection of Combustion chambers 
formed by brazed assemblies of rust-re- 
-HS%P^^^ "^*/«". "NIMONIC 75" awrf 

35 The members were formed by assembled 
of 18/8 (bases), '^NIMONIC 75" (actual 
combustion chambers) and "HS 25" (flame 
tubes) which had first of all been brazed 
m vacuo by means of nickel-chromium- 

40 boron-silicon brazings. 

The members to be protected were 
treated according to the invention for 15 
hours at 980*^0. After treatment, the thick- 
ness of the diffusion sheathings readbed 120 

45 microns on the parts made up of "18/8" 
rnst-resistaiit steel, 50 microns on the parts 
made up of •'NIMONIC 75" and 40 mic- 
rons on the parts made of **HS 25", the 
sheathings being in all cases free from any 

50 mclusions, porosity or aacks. and fully 
plastic in the cold or hot state. 

During tests at the bench, and practical 
tests carried cut on engmes under VGcy sev- 
©re conditions, no faihire was observed in 

55 the sheathings, even when highly sulphur- 
ated fuels were used, the scaling rates of 
die members treated remaining in all cases 
practically negligible. 
EXAMPLE 7 

60 Protection of movable fins made <4 "IN- 
CONEL 71T and previously shemhed 
by tantalum diffusion. 
Before the application of the chromalu- 
nmusation treatment according to the in- 

65 vention. the fins were sheathed by tantalum 
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diffusion, the tantalisati<»i treatmoit allow- 
ing a substantial improvCTient m the flow 

behaviour characteristics <rf the matesrials 
treated. 

To perform the preliminary tantafisation 7C 
treatment, the members were heated for 44r 
hours at 1080°C in partidfy gas tight cas- 
ings in a hydrogenated protective atmos- 
phere, the members bdng immersed in pd- 
verulent mixture of (1) an inert dihrtma 75 
agent comprising fine calcinated alumina 
having a maximum mean gram size of 1 
micron (97.5% by wdght) and (2) vwy fine 
tantalum powder havmg a maximum mean 
grain size of 1 miOTBQ (25% by wdriit) 80 
with the addition of 05% hy wdd^ of 
ammonia chloride. 

This preliminary tceatmcnt produced dif- 
fusion sheathings very rich in tantalum and 
havmg a thickness of 30 microns with deep- 85 
er preferential penetrations of the tanfedom 
m accordance with the jomts between &e 
grains of material. 

pre - tantalised fins of INCXWBL 
713 were first treated according to in- 90 
venUon in a pre-hbmqgsoised chromalnmi- 
nisation body to which 5% of silicQn had 
been added, the profection treatment hdne 
So80 ™^ 8 hours at a tcmperatme of 

After the larotective treatment by the 
smiultaneous di&sion of ahmuniimi. dirom- 
ium and silicon, the members had a very 
smooth surface condition and a hi^ly 
homog^eous semi-shiny sky blue appear- 
ance. The protective sheathmgs obtained 
had a thickness of about 55-60 microns and 
were free from all porosity, cracks or in- 
clusions and fully plastic, even m the cold 
state. They gave very satisfactory protec- 105 
tion for very long periods to the members 
treated against the action of combustion 
gases up to temneratures as hich as IIOO'^C; 

EXAMPLE S 

Chromaluminisation of members made o/ 110 
IP' A^/cA:er, pre-dieathed by tar^edum 
diffusion. 

Experimental turbine rotors to be pro- 
tected by plastic chromaluminisation, were 
first of all given a tantalum-diffusion sheatli- 115 
ing treatment The preliminary treatment 
was intended to prevent *the alumimum 
from rediffiising too deeply during the utili- 
sation of the protected members; it was 
also aimed at preventing reaction between 120 
the thoria of the 'TJ). Nickel" and the 
alummium supported in the nascent state 
dunng the chromaluminisation treaftneat. 

The prelimmary tantalisation treataaent 
was performed by bringing the members 125 
mto contact m partially gas- tight nickel 
casings with an intimate mixture of tanta- 
lum m the form of very fine powder hav- 
ing a maximum mean grain size of 1 mic- 
ron (5% by weight) and caldned alumina J 30 
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If die materials to be ^^^■^J^^^li 
carbonised, it is advantageous to add to tlie 
reactive mass, in addition to the ammM^nm 

SSde (or ^^^'>\°'^'^'^An^t (A\ 
5 a componnd such as aJ«P"'^fl"°?°!i„ 
F.; oJh,0 or AI 3^ H.O), tlus com- 
Soubd acting as a surface decarbonising 
at the start of 

following Ejamplcs dlBStrate thej^ 

10 venticin. The above X 
in Examples 1 to 7. and the 
ininium W is formed m sUu by a pe- 
Siary soiled «Mai±" operatton p«- 

15 the other conditions laid down for 

fhn duomalmninisation treatment 

EXAMPLE 1 , , . 

Protection of mating vams ^ 
20 mc members fo be protected we» 
of «mCONEL 713" refractory alloy and 
were given a thermal treatment according 
to die invention fcr six horns at a Wn- 
Siamre of lOSO'C. After the tr^mKmtfte 
25 Members bad a Very smooth sntfa(»cond^- 
^ tfon and a highly ham^epiB sky Mue 
s^-sbiny ^ppSrance. He thickness of flie 
Sir^shS^ obtained r^±^^l 
irScrons. The protective 
30 rich in chromium and ahimimum and &w 
^ Sm all porosity, inclusions or ctajte tje^ 
^ ciei^y plastic e^n m .^f 
lioni ^hat ever rate of deformation was ap- 
pUed to the membecs, and theyjvere more- 
35 oV^Vcompletely insensitive to the acuon of 
Se ^st vioteit thermal or mcchamcal 

^^Sti^rrosion tests, for "sktenoe to ror- 
rosion. lasting for 300 hbVis.at.nOO CwrA 
40 iSeip^ ttennal flwdo. even m strongly 
^^^ted cbmbusiioii ^ses. showed that 

rates, which 
the Lid of the tests, were practically Jiegh- 
Sble%low 2 n«/cltf. wfidras the same 

45 Semb^rs subjected tb .g. 
without Ptelimihary MOteOttOT 5^ s^- 
oiisly damaged and had KaBng rates leach- 
ine about 3(PM) mk/alr. 
Substantially eqiilvaent r«ulls M i^rds 

50 the appear^ce of the ^emjers. &e tomo- 
^neinr and plasUdty of, the sficatteand 
SSce to ^rrddon and ^j^J^' 
were obtained by trealmg, under fte^e 
cbiditions. members «J^ °|*^* 

55 nid*i-base Refractory ^o^. 2W^. 
•TJDmET 700". ••P.WJ^. 663 . 
•TJ>. Kickel" . . . . Ihe word "UDMET" 

is a Trade Mark. ^ ^ ^. 

^ ^s case also, the JjcaTrng »tes ob^ 
M served during the anti-corrosion test m hign 
^ S^ti^ combustion ^ were always 

mtes hi ifie same matenals widiont pritoi- 

nmtectiffli WMe generally very hi* 
nary prorecatm w"** » faiekd'* "IN 
£5 and m some cases (rTJ>. Nicrei . 
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100") amounted to complete destruction of 
the membeis. 

EXAMPLE 2 „ , w 

In this example the members to be pro- 
tected were identical to those in Bcampfe 
1 and the treatment was performed, ac- 
,^iang. to die invention in an operation 
lasting for 20 horns aj 9Wy. 

nic surface ajipearance of ftfc membere. » 
homogeneity of diflEused dieaths. plasticity 
in die cold state or at devated temperature 
and la(± of sensitivi^ to thermal shocks 
were similar to the characteristics d«cnbed 
in Example 1. but the fliidaiess of the dif- 
fusion sheafliings obtamed was lower, be- 
ing between approximately 25 and 35 imc: 
ions, to depeildence on the nature of the 
materials treated. ... 

EXAMPLE 3 ^ 
In diis example, the treatment conditions 
used And die materials treated were identi- 
cal to tiiosc in Ewdnple 1. except diat 
duomalumfaBsadon reserves were pre- ^' 
paied at the bases rf die vanes. To fliis 
iai. Afe vahfc bases wctc fint of all cov- 
ered widi Several dncinesses of iron or 
nickel sheet and placed m bowls contain- 
ing powdM-ed caldned ahimma. wifli the 95 
addition, it ntcessary. iron P?*^" ,of 
nickel powdtfr. The bov* contammg difc 
alumma were maduned so as to fit ahnost 
exactiy hito die top lectai^ular portion ot 
the vale bases. , , .. .... . 

The tiiidcncss ot the sheathmgs obtamed 




lOO 



not afected by die modification made to 



tne conamons uuuc» wmvu 

was perfohned; as agamSt tins, the vane 105 
bases provided widi reserves wete substan- 
tially not chromoluminised. 

EXAMPLE 4 J- „ ».« « 110 

Protection of distribm^ ''^f^J^ 

fractory aliay on "HS25" cob^ P"^. 

^ The members to be protected were toeri> 
ed according to the invtotibn for8 h^ 
at a temperature of 1080'C Afttt.^" , .5 
ment Uie member had a Very stiwodi sur- 115 
f°^\ondition and a hi^ily homog^ao^ 
semi-shiny light drange bciie. appcaranw. 
m thicknesf of the diffiuiion sheatiun^ 
obtained reached about 55 miaon^ Th. 
Jrolective sheadungs wre ndt m chr^^ >^«> 

ium and alUminidm and free from all poro- 
sity, inclusions or cracks; they were oom- 
pleily plastic, fcvea m die cold condj^tora. 
tdtttcvCT die defdnhadon rates apph^. 
Sw^ completely f^^' 
don of die most violent mecham^ shocks. 

Conosloii-resistakice tests m J^f J''^ 
pcrature (iombustion gases. sunJar to »e 

S describJii in Ej^plel. fj"'^^ ,30 
die appKtation Of the plastic diromalumi- JJ*> 
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rated by ooss-^mcmbers which enable the 
reaction masses to. be heated more quicklv 
and umfonnly. 

Figure 2 iUustrates the cooling stage of 
5 the casing 3 and its charge, after the ther- 
mal treatment has been.pCTformed. cooling 
bemg produced by water-spraying banks 6 
after the casing 3 has been quickly trans- 
ported under a protective cover 7 .sippUed 
10 wifli a protective atmosphere centre 

ll^,^ 8, a piessiue drop 

produced m the casmg 3. as a result of thb 
coohng of tiie casmg and its contents en- 
couragmg the entry of the protective at- 
15 mosphere mto the casing. 

i^^i ^ it.-should be stressed that 
^Jt J^?^"^ti°n piocess accord- 
S^tfc^ the^myention. the nltra-fine nature 
of the metaDic COTshtuent of tiie reactive 

mum mean gram sac of 1 maoa) is of 

ri^f^A™^^*^ iilto-fine grain 
size of the alloy powder not only proS 
a large extent of suifece. which dwly S 

MS a flfftiKa- miporfemt advantage in the 
«» mider coasideraflon. m v^chfte alloy 
powd« conteim alumininm. smce alumS- 

30 ^<*Sramj^ alloy powder to the surfaS 
t *° be treated has a 

kttiS^ ^ ciystalline 

lattice of ttie monber treated than in the 
ay^e bttice of the particular ^n 
irS^ 'T^ a reduction in the <Sn- 
tratira of almmnium in the surface layer 

>y a eompensa^l 
eacct, this reduction m the concentration 

40 ^Z'^^^^V^ almmniuS^ltS 
° ™S ^ °^ ^ of alloy to- 

wards their surfaces. The rate at whi^ the 
concentration of aluminium k the sSfS^ 
IS restored, by the migration of 

^ of the grains 
fef ."P^"* which t^ 1^: 

grating atoms must traverse. Qeaiiy. there- 

ti^'Z t^t ^S^' according to the inven- 
toon the ultra-fine nalnre of the alloy pow- 
very important, since the kiface 

50 layer of each gram can be rapidly regene- 
rated with aluminium from ^e Icntfc of 
the gram, because of fte vtiy small distance 
over which the atoms have to migrate, and 
ttis has flie effect of keeping the ratio of 

55 the qnantibes of alummimn and chromium 
m tte aDoy deposited substantiaDy constant 
, The preferential transference of alomm- 
lum to fte surface of the re&actory mem- 

-^J^ ^ las a hi^er 
<J0 positivity) can be readily compensated by 
addmg a ht^ alamtninm powder to the 
active mass j«tween e^di tteatmeht opcra- 
taon. the addition <rf alumhtfmn powder 
temg, for example, 05- 1% by weight of 
«5 the reactive, mass. The gradual but slower 
exhaustion of the dundum in ^e reactive 
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inass can. be compensated .by occaaooally 
adding thereto (for instance every four m 
five . operations) chroriiium in.fte.ftim.of 
an. ultra-fine pc(wder havn« a »na»i»^ n, 
mean grain size of 1 micron and aam m a ■ 
ratio of 0.5-1.% by weight of .Oe reactive 
mass. , - . 

Ttoultni-fine grain size. of Uie nietaffii 
omstrtBent of the Teactire body mipifes a 75 
ime gran size M the oanstitiieiit acting as : - 
a dieniically inert diluting agent The fine 
gram see is preferably of the order of 1 
imcrOT but this is ndt absolutely necessary 
the fineness of grain size of the craistitnent 80 
actog as an inert diluting agent being less 
essental than that of the metaffic^^tn- 
rat If flie grain size of tl» inert fflnfinc 
^t K too large, grains of the aDoy pow^ 

Sf-'SJ^ ^^h" *° ™ agglomerate in 85 
^Metstices between the grains of flie inert 
diftitaig agrat and thus the inert fflutinit 
agmt \nn not satisfafctoiily fulfil its fimJ 
tioiL Itos. an inert dihiting agent can be 
used *hich has a grain size smaBcr than 9a 
imjaon or larger than 1 micron, but m 
the latter case the proportion of inert di- 
luting agent should to be greater 

It has been foiind that flie vaOst ratio 
between the inert diluting. agcnt^d the »5 
metal wnstituent of the rca^ body is 
not OThcal and the ratio may m practice 
vary from 1 to 20. *»«vuwj 

In a<Mition to the advanta^ aliead^ 
stated., the chromaluminisation process ac- 100 
cordmg to flic invention may have Ae M- 
lowing forther advantages: 

Ae members breated have a hennetic 
sheathmg which is free from ponBity and 
«ack^ outstanding smface qna%, plas- 105 
tic surface layers in both the Mi witbt 
hot states (such plastidQr giving a»-mem« 
bcrs an exceptionaHy high lesislancb to 
fliermal shocks), and an increased dirom- 
lum amtent in th© surface layers sndi that 1 10 
they have unproved corrosion reastance in 
combostian gases containing sulphur; 

file reactive masses used do not' "age" 
do not suffer any inhibition (thdr mtr^^en' 

content can safely teach considerable values) 115 
so fliat the masses can be used for a practi- 
^ly mdimiled period, and never contain 
ficagile' mter-metallic cpmpounds of chrom' 
inm-aluminiuni. 

A nnmb^ of examples will now be givea 120 
01 the apphcation of the chromalmninisa- 
tion process, according to the invoition to 
vairaus lefractoiy aUoys. the reactive mass 
used m the examples having the fdlowiiig 
opmposition, which is by way of example |2S 

Magnesothermic 
chromium 
Aluminium - • 

Fine calcined alumina 
' 'Ammonium chloride 
(or bromide) 



40% by weight 
10% weight 
49J1% by weight 130 



0.8% by veig^ 



1^86^24 
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vided a. process, for the formation of a sur- 
•fe^diftision aUoy of chromium and sto- 
ndnium on a refractory metal memhcr. • 
whicb process comprising the steps ol:— 
5 a) • contacting the surface of the rcfrac- 
toiy inember to be treated with a reacuve 
maL comprising an intimate mixture of (1) 
an ifllra-finc powder having a maxnnum 
mean grain arc of one micron, the gmns 
10 of oltia-fine powder being formed eta. 
chromium base aDoy which «>n^ms alu- 
miniinn. (2) an oxide powder which is stable 
throughout the process present ^ a cheim- 
cal^rat diluting agent, and (3) a Bquid 
15 or solid halogenated constiturait; 

b> heating flie rractive mass, m con- 
tact with the suifiice of the Kfc^toqrme'^ 
member to be treated in an atmosptere 
whidi contams hydrogen, the ^V^p 
of heating being from 750'C to 12WI 

T after step Cb) cooling the 
liass and the refractory metal member m 
a protective atmosphere. 

Tiros the monber to be treated may. for 
example, be treated by bringji^ flje ^le 
of its surface into contact with a 
mass comprising in intimate mixture a«e 
main constituents - i.e.. ^^y--fj^ 
30 constituent m the form of an ultiarfine 
powder, havmg therefore a large amojiW ot 
imface. and a mean gram size ^ual to i 
micron or less, each gram bemg fofflwd by 
a duominm-base alloy which contems alu- 
35 mimnm in a proportion of 5-25% by weigjit 
of the alloy and if appropriate sihcon, m 
a proportion of 3-10% by weight of Oie 
allor, die alloy powder being formed otter 
6» ^ by a preliminary tfaermd treatment 
40 mwokii flie introduction of the member 
StoftTreactive body, or in some other 
place during an operation completely inde- 
pendent of the chromalummisation Ueat- 
^^the formation of the alloy PO^« 
bdng toeferably performed in situ from 
rS^otbsnmc chomium and veiy_fine 
Sinium powder formed by partidM a 
least one of the dimensions of which is at 
most equal to 1 niicton: secondly, a con- 
50 stitnent acting as a chemically mert dflut- 
iag agent and taking the form of a fine 
having a mean grain ^f about 
1 uricron and formed by an oxide wbdh is 
stable timra^out the process e.g. tataned 
55 alumma. and tiiirdly a Hquid or solid h^o- 
senated constitaent (halogen, halogemde. 
hyncAalogenite, or mixtures tiiraeof) the 
pi5«rtions by weight of the 
of oOTstituoits bemg preferably 5-50% fOT 
60 the metal constituent. 0.05-1% by wcwht 
for flie halogenated constituent, die iradue 
bdmg die constituent acting as an mert di- 
luting agent; -u. » 
die reactive mass and the member lo oe 
65 treated disposed wthin tiie reactive mass. 
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are then placed in a partiaHy gas-ti^t cas- . 
ing which pennits only a limited flow of 

therein and whidi is disposed in a . 
heating endosure in winch tiiere is an at ' 
least partially hydrogeoated protective at- 
mosphere which can be formed Hirer aba 
by ordinary electrolytic hydrogen, a rnix- 
ture of hydrogen and aigon. or cracked 

ammonia: . . - v 75 

heating is then performed, during which 
the heating enclosure is kept at a tempera- 
ture of between 750 and 120O'C, prefer- 
ably between 1050 and llOO'C. tiie tem- 
perature and duration of the heating being 
selected inter alia in relation to the required 
thickness of tiie layer of diflEusion alloy; 

and lasfly the partially gas-tight casing 
is cooled in a protective atmosphere whidi 
can be the same as that used during the 
heating. 

The reactive mass may be formed eitha 
Iff atu by a preliminary tiiermal treatment 
prior to bringing the surface of the refrac- 
tory member into contact with the reactive oq 
mass, or in an operation completely inde- 
pendent of the chromafanniiiisation treat- 
ment and for the preparation of die react- 
ive mass it is preferable to use magneso- 
thermic chromium powder having a. maxi'< 05 
mum mean grain size of - one micron and 
very fine aluminimn powd» formed by par- 
tides at l^t one of die dimensions of 
whidi is at most equal to one micron. 



Apart from the 



riLpaxt feature set forth 

hereinbefore, the inveatioii comprises cer- 
tain other desirable Ibongh not essential . 
features wfaidi are preferably used simul- 
taneously and will be described in greater 
detail her^nafter. 

For a better understanding of the inven- 
tion reference will now be made, by way 
of example, to the accc»npanying drawing. 

in which: — , 

FIGURES 1 and 2 diagrammatically illus- 
trate an apparatus for the performance of 
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so called, while: . _ 

FIGURE 2 corresponds to a ooolmg m 
operation fonowing die aforementioned 
thermal treatment 

Referring to the drawmg. Figure 1 
a chromaliminisation apparatas aco^ 
to die invention, member 1 to^ ttej^ >20 
bdne immersed in a reaction mass 2<«a 
a in a steel casing 3 havi^ a pwti^y 
^tidit cover 3a and dispps^ m an en 
^u^ 4a of a belkshaped p^^^'l ,„ 
protective atmosphere oonlaimng hydrogen 115 
being suppUed to die endosure 4fl via a 
conduit 5. Advantageously, a nnmber of 
independent treatinent casmgs 3 are dis- 
posed simultaneously in die endosure 4a, 
and die cashigs 3 are advantageously sepa- 130 



